Six new optically active poly(amide-imide)s (PAIs) with good inherent viscosities were synthesized from the direct polycondensation reaction of N-trimellitylimido-L-amino acids with 1,2-bis[4-aminophenoxy]ethane by direct polycondensation in a medium consisting of N-methyl-2-pyrrolidone (NMP)/triphenyl phosphite (TPP)/calcium chloride (CaCl 2 )/pyridine (py). Diamine was synthesized by using a two-step reaction. At first 1,2-bis[4-nitrophenoxy]ethane was prepared from the reaction of two equimolars 4-nitrophenol and one equimolar 1,2-dibromo ethane and the dinitro compound was reduced by using Pd/C. Also N-trimellitylimido-L-amino acids were synthesized by the condensation reaction of trimellitic anhydride with two equimolars of various L-amino acids in acetic acid solution. The polymerization reactions produced a series of optically active PAIs with a high yield and good inherent viscosity. The resulted polymers were fully characterized by means of FTIR and 1 H NMR spectroscopy, elemental analyses, inherent viscosity, specific rotation, solubility tests, thermogravimetric analysis (TGA), and a derivative of thermogravimetric (DTG) analysis.
Introduction
Aromatic poly(amide-imide)s possess desirable characteristics with the merits of both polyamides and polyimides, for example, high thermal stability and good mechanical properties as well as easy processability. Conventionally, aromatic poly(amide-imide)s can be prepared in several ways starting from trimellitic anhydride (TMA), such as two-step polycondensation from the acid chloride of TMA with aromatic diamines involving polyaddition and subsequent cyclodehydration (Imai et al., 1985) , low temperature solution polycondensation of TMA-derived imide ring-preformed diacid chloride and aromatic diamines (Wrasidlo and Augl, 1969) , polycondensation of TMA or TMA-derived imide ring-containing dicarboxylic acids with diisocyanates (Kakimoto et al., 1988) , and phosphorylation polyamidation between TMA-derived imide ring-preformed dicarboxylic acids and aromatic diamines (Hsiao et al., 1994) . Several series of novel poly(amide-imide)s also have been readily prepared by direct polycondensation (Faghihi and Hagibeygi, 2005; Faghihi and Hajibeygi, 2004; Liou and Hsiao, 2001; Yang et al., 2001; Faghihi and Naghavi, 2005) .
The synthesis and application of chiral polymers is of particular interest from the viewpoint of material science and newly considered topics. Chiral polymers have found successful uses in chromatographic separation of enantiomers, chiral liquid crystals, non-linear optical devices, optical switches, and biomedical devices, etc (Mallakpour and Kolahdoozan, 2007; Murano et al., 2000; Fu et al., 2007; Itsuno, 2005; Liaw et al., 2007; Hajipour et al., 2005 Hajipour et al., , 2007 Faghihi et al., 2009 Faghihi et al., , 2010a Mallakpour et al., 2001) . A direct and effective way for synthesizing the chiral polymers is to introduce chiral elements into the polymer backbone or side chains. The combination of poly(amide-imide)s with chiral elements is of synthetic interest and may also lead to chiral recognition membranes. Recently, we have synthesized optically active polymers by different methods (Faghihi et al., , 2010b .
A triphenyl phosphite (TPP)-activated polycondensation (phosphorylation reaction) technique for the synthesis of polyamides was reported by Yamazaki et al. (1975) . In this article, a series of new optically active PAIs 8a-f containing dibenzalacetone moiety were synthesized by reactions of six chiral N-trimellitylimido-L-amino acids 3a-f with 1,2-bis[4-aminophenoxy]ethane 7 by direct polycondensation in a medium consisting of N-methyl-2-pyrrolidone (NMP)/triphenyl phosphite (TPP)/calcium chloride (CaCl 2 )/pyridine (py).
Experiments

Materials
Trimellitic anhydride 1, L-alanine 2a, L-valine 2b, L-leucine 2c, L-isoleucine 2d, L-phenyl alanine 2e and L-2-aminobutyric acid 2f, 1,2-dibromo ethane 4, and 4-nitrophenole 5 (from Merck) were used without further purification. Solvents: N-methyl-2pyrrolidone (NMP; from Fluka), pyridine (from Acros) and triphenyl phosphite (TPP; from Merck) were used as received. Commercially available calcium chloride (CaCl 2 ; from Merck) was dried under vacuum at 150°C for 6 h.
Techniques
1 H NMR and 13 C NMR spectra were recorded on a Bruker 300 MHz instrument (Germany). Fourier transform infrared (FTIR) spectra were recorded on Galaxy series FTIR 5000 spectrophotometer (England). Spectra of solid were performed by using KBr pellets. Vibration transition frequencies were reported in wave number (cm À1 ). Band intensities were assigned as weak (w), medium (m), shoulder (sh), strong (s), and broad (br). Inherent viscosities were measured by a standard procedure by using a Technico Regd Trade Mark Viscometer. Specific Rotations were measured by an A-Kruss polarimeter. Thermal gravimetric analysis (TGA and DTG) data for polymers were taken on a Mettler TA4000 System under N 2 atmosphere at a rate of 10°C/min. Elemental analy-Scheme 1 Synthesis of diacids 3a-f. Two grams (10 mmol) of trimellitic anhydride 1, 10 mmol of Lamino acids 2a-f, 50 mL of acetic acid, and a stirring bar were placed into a 250-mL round-bottomed flask. The mixture was stirred overnight at room temperature and refluxed for 4 h. The solvent was removed under reduced pressure, and the residue was dissolved in 80 mL of cold water, then the solution was decanted and 5 mL of concentrated HCl was added. A white precipitate was formed, filtered off, and dried to give compounds N-trimellitylimido-L-amino acids 3a-f (Hsiao et al., 1994) . 4-Nitrophenol (6.0 g, 43.1 mmol) and dry K 2 CO 3 (2.97 g, 21.6 mmol) and 30 mL dimethyl formamide (DMF) were placed in a 100 ml round bottomed flask. Then a solution of (4.04 g, 21.55 mmol) 1,2-dibromo ethane 4 in 5 mL dry dimethyl formamide was added drop-wise to the reaction mixture. The reaction mixture was heated for 6 h at 120°C, then was cooled and poured onto crushed ice. The precipitated white product was collected by filtration, dissolved in CH 2 Cl 2, and washed successively with NaOH (2 M), HCl (1 M), and water. The CH 2 Cl 2 solution was then dried over Na 2 SO 4 and concentrated in vacuum and the product was recrystallized from ethanol, affording 9.57 g (72.9%) of yellow solid 6 (Eastmond and Paprotny, 2002) . 1,2-bis[4-nitrophenoxy]ethane 6 (1.1 g, 3.6 mmol), 0.1 g of 10% Pd-C, and 40 mL of ethanol were placed in a 100 ml round-bottomed flask. Then 7 mL of hydrazine monohydrate was added drop-wise over a period of 1 h at 85°C. After the complete addition, the reaction was continued at reflux temperature for another 5 h. Then, the mixture was filtered to remove the Pd-C and the filtrate was poured into water and dried to afford 0. 
Polymer synthesis
Poly(amide-imide)s 8a-f were synthesized by a direct polycondensation reaction that is an example for the preparation of PAI 8a and is explained below .
N-trimellitylimido-L-alanine 3a (0.07 g, 0.27 mmol), 1,2bis[4-aminophenoxy]ethane 7 (0.07 g, 0.27 mmol), calcium chloride (0.1 g, 0.9 mmol), triphenyl phosphite (0.84 mL, 3.0 mmol), pyridine (0.1 mL), and N-methyl-2-pyrrolidone (1.5 mL) were placed in a 25-mL round-bottomed flask, which was fitted with a stirring bar. The reaction mixture was heated under reflux on an oil bath at 110°C for 8 h. Then, the reaction mixture was poured into 50 mL of methanol and the precipitated polymer was collected by filtration and washed thoroughly with hot methanol and dried at 60°C for 12 h under vacuum to leave 0.119 g (92%) cream solid polymer 8a. 
Results and discussion
Monomer synthesis
The asymmetric diacids 3a-f were synthesized by the condensation reaction of trimellitic anhydride 1 with two equimolars Scheme 3 Synthesis of PAIs 8a-f. À À À À À À Acetone À À À À À À EtOH À À À À À À MeOH À À À À À À +, Soluble at room temperature. À , Insoluble at room temperature. of L-alanine 2a, L-valine 2b, L-leucine 2c, L-isoleucine 2d, L-phenyl alanine 2e, and L-2-aminobutyric acid 2f in acetic acid solution (Scheme 1). The yields and some physical properties of these compounds are shown in Table 1 . The chemical structure and purity of the optically active diacids 3a-f were proved by using elemental analysis, FTIR, and 1 H NMR spectroscopic techniques and these data are shown in Table 2 .
As an example, the 1 H NMR spectrum of diacid 3f is shown in Fig. 1. The protons H(a) relevant to O-H carboxylic groups appeared at 13.45 ppm. Peaks in 4.66-4.71 ppm were assigned to the CH(e) proton, is a chiral center, peaks between 0.82-0.87 ppm as a triplet which were assigned to aliphatic CH 3 (g), peak in 2.01-2.19 ppm as a multiplet which were assigned to H(f). Aromatic protons appeared at 8.01-8.4 ppm.
1,2-bis[4-aminophenoxy]ethane 7 was synthesized by using a two-step reaction. At first 1,2-bis[4-nitrophenoxy]ethane 6 was prepared from the reaction of two equimolar 4-nitrophenol 5 and one equimolar 1,2-dibromo ethane 4. Dinitro com- pound 6 was reduced by using 10% Pd-C, ethanol, and hydrazine monohydrate (Scheme 2).
The chemical structure and purity of dinitro compound 6 were proved by elemental analysis, 1 H NMR, and FTIR spectroscopy and diamine compound 7 were proved by elemental analysis, FTIR, 1 H NMR, and 13 C NMR spectroscopy.
The FTIR spectrum of diamine 7 shows two peaks at 3406 and 3327 cm À1 , that is related to NH 2 groups in this compound. 1 H NMR spectrum of diamine 7 shows peaks as a doublet of doublet at 6.66-6.69 ppm and 6.48-6.51 ppm were assigned to the H(a) and H(b) related to the aromatic protons, a singlet peak at 4.07 ppm which was assigned to the H(d) protons relevant to the NH 2 groups in this compound (Fig 2) .
Polymer synthesis
PAIs 8a-f were synthesized by direct polycondensation reaction of an equimolar mixture of diacids 3a-f with 1,2-bis[4aminophenoxy]ethane 7 in a medium consisting of N-methyl-2-pyrrolidone, triphenyl phosphite, calcium chloride, and pyr-idine (Scheme 3). The syntheses and some physical properties of these new PAIs 8a-f are given in Table 3 . The resulting polymers due to the presence chiral amino acid moieties 2a-f in the main chain of the polymer are optically active as shown by specific rotation measurements at a concentration of 0.5 g/ dL in DMF at 25°C. Also the resulting polymers have a range of color between cream and pale yellow. The entire polycondensation reaction readily proceeded in a homogeneous solution, tough and string precipitates formed when the viscous PAIs solution was obtained in good yields.
Polymer characterization
The elemental analyses of the resulting PAIs 8a-f were in good agreement with the calculated values for the proposed structure (Table 4) .
The solubility of PAIs 8a-f was investigated as 0.01 g of a polymeric sample in 2 mL of the solvent. All of the polymers are soluble in DMSO, DMAc, and NMP and are insoluble in solvents such as chloroform, dichloromethane, methanol, and ethanol (Table 5 ).
The structures of these polymers were confirmed as PAIs by means of FTIR, 1 H MNR spectroscopy, and elemental analyses. The representative FTIR spectrum of PAI 8a was shown in Fig. 3 . The polymer exhibited characteristic absorption bands at 1776 and 1716 cm À1 for the imide ring (asymmetric and symmetric C‚O stretching vibration), 1718 cm À1 (C‚O stretching vibration for amide group) and 1383 cm À1 (C-N stretching vibration). The absorption bands of amide groups appeared at 3279 cm À1 (N-H stretching). Fig. 4 displays 1 H NMR spectrum of PAI 8a. The aromatic protons, related to diamine 7 and trimellitic ring in the polymer backbone, appeared in the region of 6.93-8.46 ppm and two peaks in the regions of 9.81 and 10.53 ppm related to two different N-H amide groups in the polymer backbone. Also Fig. 5 displays 1 H NMR spectrum of PAI 8b. The aromatic protons, related to diamine 7 and trimellitic ring, appeared in the region of 6.92-8.46 ppm and two peaks in regions of 9.89 and 10.51 ppm related to two different N-H amide groups in the polymer backbone.
Thermal properties
TGA and derivative of thermaogravimetric (DTG) analysis at a rate of 10°Cmin À1 in a nitrogen atmosphere were utilized to examine the thermal properties of these PAIs, and the obtained results are summarized in Table 6 . Fig. 6 shows TGA results of PAIs 8a, 8c, and 8f, respectively. An examination of the data reveals that all PAIs are thermally stable up to 230°C in a nitrogen atmosphere. The temperatures of 5% and 10% weight loss together with char yield at 800°C for PAIs 8a, 8c, and 8f are 230°C, 300°C, and 56%, 300°C, 340°C, and 55% and 250°C, 300°C, and 51%, respectively ( Table 6 ). The high char yields of these PAIs at high temperature region are important. It shows that these polymers have good thermal stability.
Conclusion
A series of new optically active PAIs containing amino acid moieties were synthesized by the direct polycondensation reactions of six chiral N-trimellitylimido-L-amino acids with 1,2bis[4-aminophenoxy]ethane in a medium consisting of Nmethyl-2-pyrrolidone (NMP)/triphenyl phosfite (TPP)/calcium chloride (CaCl 2 )/pyridine (py). Because the resulting polymers contained optically pure L-amino acid moieties, they showed optical rotations and were optically active. Optically active, thermal stability properties can make these polymers attractive for practical applications, such as processable high-performance engineering plastics, used as chiral stationary phase and chiral media for asymmetric synthesis. 
